Cow el AR . . A

This document oontaina classified infu;;inﬂm affecteg — - s To.
the National Defense of the United Statex within the

mesning of the Espionage Act, USC 50:81 s

Ita transmission or the revelation of ita contenps B - LTIy
any manner to an unauthorized person is pmhipited by - E R

law. Information so classified may be im only - W f-i
tm #.\—ij

}honfemmamthemiutarymdmval

' :u'l'u'::_ - I

17 e Potora Govommmens who have » gt IATI0N BANCE! (£
Tiherein, and to United B of Imowi 1o nni" W GARLCLED
discretion who of ty must be informed therect. CTee—)

TECHIICAL NOTES

FATIONAL ADVISORY COMMITTEE FOR AEROKAUTICS

To. 786 e . i
. U _
STRUCTURAL TESTS OF A STAIFYLESS STEEL WING PANZEL
BY AYDROSTATIC LOADIEG e T T
By Ralph H. Upson : T =
Stout Skycraft Corporation SR ced iani
A S TUu U - U
rhﬁj ;g‘:z 23 -
-[,*':; & of iha Langiey
iemorial Aeronauticg!
) Laboraior_y,
|
¥
Washington ' T T T R

dovember 1940



dl‘IE II I lliflﬁ“illﬂthmll il(ﬂ‘I T

760 7 : -
HATIOWAL ADVISORY COMMITTEZE FCR AERONAUTICS
TEZCHNICAL .HOTE NO. 786

SURUCTURAL TESTS OF A STAINLESS STEZL WING PANEL
BY HYDROSTATIC LOADING -

By Ralph E. Upson

I

SUMARY -

4 simplified type of all-metal wing comstruction of
18~8, spot-welded except for the skin attachment, was
tested by means of hydrostatic loading, the wing being
proportioned to permit close representation of t"pical

conditions by means of the waterhead. e

The general priaciple of design was to apnlv the skin
on the wing under codtrolled initial tension and to uti- .
lize a finite internal pressure 'in flight. The initial
tensioning was found %o be an essential fac*or ard the in-
ternal pressure in flight .an important factor, ‘although .
neither was critical with respect to small variatlons.

The results showed the pOSSibility of elimirating al-
most all of the stiffeners from & stressed-skin wing, the
possible reduction of weight in a. lizhtly loaded wing and
of substantial cost in the construction of ary all-metal
wing. TFurther experinents are suggested, however, on the
magnitude and the effect of slight surface Iirregularities
and or the coatribution of the complete wing tip. A dis-~,
cussion of these suggested experiments is not included in
the present paper. ' )

R . S ir——

With certain rescommended improvements, the test meth-—
od described is beliewed %o be a valuable éng for rosearch
on any new type of wing coastruction, parulcularli_fn'

cascs where the covering, regardleas of material or ar-—
rangement, is questionable,

ISTRODUCTION

From formulas developed jin reference 1, it can be
shown that a fabric wing (fig. 1) is lighter tban a metal-
covered wing of prevailing construction (flg. 2) only by

U
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the welght of the material required to handle the local
pressure loads and to tramsmit them to the primary beanm
structure. Although this conclusion as to the sourcs of
the weight difference might be regarded .as merely con-
firning comnmon knowledze, the reason for the condition
is not established since most of the-weight, strength,
and stiffness criterions for the materials themselves
favor the metal rather than the doped fadbric.

As mnight be expected, the discrepancy between theory
and present practice is especially notable for lighily
loaded wings and for a dense material, like steel. In
this case thresuUpposed necessity of closely spaced stif~
feners or corrugations not only lacreases tne welght but
presents a serious cost problemn.

The primary object of the tests described herein is
to show the possibilities that may exist for an all-metal
wing with even fewer parts than a fabric wing. If the
arrangenent is simple exnough, nmetal can compare directly—
with fabric both in weight and in cost, and at the sane
time' will provide well-known advantages of netals:
stiffness, durebility, resistance to fire, and general
integrity of form and structure. Pigure & shows the ar-
rangenent of parts in the wing panel buillt. to test the
possibllities meationed.

Because the problen directly involves local pressures
and strains in rslatively large, uasupvorted skin panels,
it was necessary to develop a method of testing that would
set up tirese forceé and roactlons in their true relation-—
ship without the interferecnce and uncertaminty involved in
shot bage or load pads. 1t scened inportant also to con-
sider the cffect of variablc internal pressure, at lcast
between the limits of zero (atmosphcric) pressure and nax-—
inun dynemic pressure . g.

Prelinminary analysis showcd that the deslred flilght
conditions can be closely sinulated by making the wing
watertight, mounting 1t i2 ar inverted position, and f£ill~
ing it with wator. With tho proper waterhead and incli-

nation, aerodynanic load distribution is then approxinated,

any desircd intornal prossure superinposed, and additional

loads applicd to o beam extensioa and to a torquc ara: at-

tached for the purpose.

If well-known Principles of structural models are
used, such o8 have been applizd to research on airship
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hulls (refercncse 2), it is possible to test hrdrostaftically
the structure of alnost any wing. This statement is sud-~
jeet to the qualification, however, that whea coafined to
the use of water for the load element the model will in
many cases be larger than the full-size wing. For the
preseat tests, conditions are selected that will nake the
scale factor unity; such conditions are net by a lightly
loeded wing ia which the proposed type of structure will
show the sreatest edentage.

1t is bBelicved, however, that botha the type of struc-
-ture and the- -test method can be used advantageousgly for
higher wingz loadings and other materials, particuiarly

with respect to reducing .production cost.

WIZG GEARACTEEISTICS T

General Proportions

The desired relationship between the aerodynamic and
hydrostatic test pressure at the top of any wing is ap-
proximately attained under conditions of operation that
make the pressure difference, in pounds per square foot,
across the maximum section, numerically equal to 62.4
times the thicknoss of the wing in feet. The equivalent

hydrostatic unit- spanwiSe loading is equal to 62,4 times
the scction area in square feet plus twice the unit wing
wvelght, per unit local span. It then remains %o assujesual
airplane characteristics that the foregoing conditions will

be satisfied for a speed, loading, etc., that will be of

practical interest.

The aerodynamic and hydrostatic pressure distribu-
tions are most closely comparable for an sirfeill with a

well~rounded %op surface irn combination with a nearly filat

bottom. For this reason, and to take advantage of exist~_
ing aerodynamic pressure duta (reference 3), the FACA
4400~serles airfoil was used, excebpt that. uhe camber line
was sllghtlv modified behind tae 40- porcent point. For
points behind 40- pprcent chord, the camber line equation.

(x. - 40)? +'(x - 40)5/2

canber ordinate (percent chord) = 4 - : -
' ’ 400 ‘5580

where x 1is the abscissa in percent o, .chord behind the

leading edge.
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This change avoids tae discomtimulty irn curvature
otherwise existing a%t. tde 40-porcent pointy 1t permiss
a more straightforward skiad-stress analjsis,-uhe”Othér
characteristics beins only slivhtly ‘affected.-

The plan form is shown in figure 4. Outboard of the
test manmel root the wing is assumed %o be straight tapered
on a straight 0.30c line. A trypical section at the center
(volume cernter of middle skin panel) hms 44 inckes nominal_
chord, 6.75 iaches {(15.35 percent) thickness, and the top
skin- radius-is 40 .inches a% Q.3Cc. The torms top and bot-
tom will refer. tv the wing 1in its normal flying position.

The areas llsted incliude ‘& flap extnndlng from 90
rercent to 110 perceat of the besi{c chord c. The actual
test section terminates with the flap hinge line at 0.90c,
the rear spar web baipg at 0.86c, which makes the water-—
filled plan—form area 18.45 square feet.. Except for the
flans-down coandition, the extended %trailing edge is assumed
to be in a neutral vosition with respect to the basic air-
foil section. Moment coefficients are given in terms of
the basic chord c.

Structural Design

Stalnless steel 18-8 was uséd throughout the strucuure,'

the frame being spot-wclied -(fig. 5). The skin of the same
material was 0,005 inch, half h&ard, screwed to the ribs N
with ghakeproof no. 4-40 scrows spaced 1/2 inch apart and
with no stiffeners except one &t. the ecxtreme leading edge.
The. single-beam wed was at 0.3Gc, the flanges dxtonding N
forward ard unsttached to the skin. The flay spar was at
0.86c to 0.90c. The unit weight was 1.5 pounds per square
foot and designed %o carry 10 7 pounds per square foat

wing loading.

In order:to »nrovide ah internal structure consistent
with the 24-idch skin widtk, a ridb spacing of 23-1/2 inches
was used, braced in the top surfacc by diagonal members in
a direction to take compression dus to negative torque omnd
drag loads. (The diagonals wére later removed.)

The rib-flange elements were of 3/8-by-1/2-by-0.020-
_iach angle section full hard: These angles were bent by
¢rimping, and crogs—~bracedé by hat lattices. The diagonals
were of the some hat section, with the skin across the

open face,. . . : =

LTICT™ TERN TP

»
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In figures 3 and 5 the basic simplicity of the struc-
ture is readily apparent. The structure involves but few
parts and a small fraction of the amouant of welding hither-
to thought necessary in a stainless steel wing. Although
it seemed possible that this simplification had been car-
ried too far, it was desirable %o lean in the direction of
over-simplification for an experimental structure in order
to establish safe limits for practical use latér.

The test panel was made substantially watertight by
the use of a standard caulking compound. An actuglﬁglng
will be vented 'to the air to the extent required for any
wing of similar size and per;ormance characteristics. The
vents, however, will be segregated in positions that will
give a range of pressure for different conditions best
suited to the structural effect desired. The representa—
tion of such pressures in the test panel will be made more
clear in the description of the means for produc1ng them

hydrostetically.

» - The end bulkheads were of solid steel plate, stiffened
around the edges, with the necessary mounting attachments
and water connections. Beam and torgue arms were carried

at tho outer emd for the application of additional load.

Skin Tests and Attachmeny

Tests on skin samples, 0.0050 to 0.,0052 inch half
hard, showed the same ultimate %tensile strergth in both
directions? 145,000 pounds per sguare inch or 750 pounds
per inch., A screwed sample, with the designed seam pro-~
portions, tested in tension across the grain of the sheet,
had substantial yield et 140 pounds per screw and failed
at 150 pounds per screw or 300 poundg per inch of séam:“

For skin application, the test panel with the skin
on but not Joined was mounted rlght-SIde—up with the basic
chord horizountal. An upward load of. 360. pounds was putb
on the beam arm extension at 0.30c and 109 inckes out from
the panel center, equivalent to a load factor of 1.90 in
the wing—beam.flanges.~ As this loading resulted in a sub-
stantial positive twist, the tip trﬂlllng edge was Jacksd
up with a force of 64 pounds, suff1c1ent to.reduce the twist
to 0.0035 radian and to incremse the load factor to 2.04.
After an interval of 16 hours, with the seme beam load, no
appreciable change was observed in the beam or torque de~
flection dbut the ftrailing-edge force had dropped %0 55
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pounds. The position was then fixed bg blocking up the
beam arm, and:the top skin waks Joincd "with the beam
flange load factor approxim vtely 1.6 4t the root, 2.0 at
the panel center, and 2.7 at the tip, the corresponding
shear lood fac*ors were 0. 8 .2, and 1.8, respectively.

After. the top skin was’ attached tne panel was in-
verted, 40 pounds of to*que arr and beam relnforcing weight
were removed, and a Jack force of 200 pounds woasg applied
at the cenfer of the beor arm extension at 30 percent
chord and at 78 inches from the panel center. With the
test panel thus loaded, the bottom skin was Jjoined.

The final welghts ands their moments are listed in
table I, ' C

Reguired Loads - e

The reoguirements and notatioz fronm referehceé 4 and 5
are emnhleoyed in the folilowing outline of flight condltions.

Condition I of the CAA which is cnéticql for the wing
beam, ot a maximun dynanic pressure g = 36.9, ~nakes the
oad factor o = 4.67; GCp = 1.35; GCg = -0.29 (perpen~

dicular to the spar web); and Gy = ~0.08 =about the aero-

dynamic ceater =nt 25 percent of the basic mean aerodynanmlc
chord.

Condition III giving naxXinmun wing torgue, &t g = _
78.4, makes n = 3.20; Op = 0.44; G, =0; and Oy =
~-0.08 =2bout the same aerodynamic center,. '

Condition VII with 309 flaps at ¢ = 25.6, mnakes n =
2.00; Oy = 0.84; C, = 0.14; and Cy = -0.15 about the
same aerodyunamic center. With conventional construction
this conditlon would be -less critical in torque then con-—
dition III, but because of the lower availatle pressure
Giffereace on the skin the tendency of coadition VII to
shear- wrlnkles nay be increased.

For the given wing proportions (table II) and a
slight center section cut—out, it is safe o assume that
the span is loaded uniformly in porportion to the chord.
For preseat purposes the w1ng welgat 1s assumed. to be
similarly distributed.

it



NACA Technical Note No. 786 ' 7

With & wing loading of 10.7 pounds per square foot

and o wing weight of 1.5 pounds per square foot, the net
effective loading (for span distributioan) is 9.2n pounds
per square foot, where n is the load factor. If this
loading is applied as o factor to columns 4 and 5 in table
IT, it gives the total shear and bending noment, respec-
tively. Thus, the static root moment is 29,200 inch-
pounds, wualch for an effective beam depth of 7.1l inches
gives a flange force of 4100 pounds. The total static
shear at the panel root is 412 pounds. Hith an included
angle between the beam flanges of 0.0325 radian, the shear
carried by the beam webdb is reduced by 4100 pouands tinmes
0.0325 = 133 pounds, and a net web shear of 27¢ pounds
remnins (if it is assumed that none is carried arouné the
leading.edge and the trailing edge).

In o sinilar manner, the required torque on any secc-
tion equals the figure in the last column of table II mul-
tiplied by 0.107 n{(x - 25) + Opq + 0.015 n(40 - x) where
X 1is the point (in percent chord) about which the torquo

is desired, Oy is the moment coefficient about the gquarber
chord, and g 1s the dynaric pressure. The last term a%-

proxinates the effect of the wing weight, its center oF
gravity being assunmed at 0.40c.

TIFG PAWEL TESTS

Test Conditions

The nethod of mounting is shown in figure 6. 4t the
pancl center (see table II), where most of the test data
wvere taken, the static flange force and the net wed shear
are 2850 pouands and 207 pounds, respectively. Since the
section arec of thie upper beam Fflange at this pdint is

0.264 square inch , 1its static stress is 10,800 pounds

pPer square inch. This stress value tentatively neglects
secondary stresses due to skin tension and Yesam stresses
carried by the leading edge and the rear spar. Multiply-
ing by the load factor gives the actual stress. T
Integration of the water-filled section between the
leading edge and 0.86c gives a section area of 4 =
0.66czy,x at a center-of-gravity position ¥ = 0.40c

back of the leading sdze, where Zmaxi is the maximum sec-
tion depth (fig. 7 and table II).
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The water pradssar? = Q.02Z6 pound per square inch per s =
inch of ‘head., The maximum pressurg.(mnximum suction over '
top of-wing) is approximatellr pp =:0.20 + 0,036H + 1.00 o
where " H' is kead (inches) abovs the wing bottom at 0.86c )
on the ‘ponel center.gand o -1s the angie 1n radlans be- —
tween -the .chord aad. e horizoantal plane, '

Figure & shows the. -aerodynamic and the hydrostatic
pressurce variation over. a. section through the cexater, . The
water-£filled porition 1s-.72 inches long, .o 3/4 inch more
tian the nomlnal panel} "length gt edch erd.r

For the added 1ldad reguired %o ronraﬁgnt flight con~ o o
ditioas, the beam weiziht and 1ts arm could de proportioned
to givs the corraci combhination of giacar, " hoending moment, L .
and torgue at the pamel center.  4ltnough this procecdure - -
5ives o reasonable welght and length- fq;,thg bcam arm at
the lbwcr load factor of 1.5, it involves an inconvenlently
large weight and ghort. arm at thu“hlghér factors. Actual- )
iy, a variable woight was used on-a Eo0Zistan’ beam arm oxnd -

art of 1t was shiftel aver o constant_torquc arn tc give
the desired beanm ard. torgue momente. This compronisc . ,
loading nmakes the shear lower thar its corrcct value at i iem T
the higher load factors end is valid oniy under conditions
Tor wailch the beam shear is rot critical.

P
]

TN

ol

Mo tbsts were based mainly oni¢ondition III of—the
Cad (O = 0.48) with load fecetors varied oy varying q, ) oo
typilcal values Peing listwd in table -III., 2he last loaz . ; =z
cordition in :the table reprcsents condition FII (wita flaps)
for a load factor up to the full limit of 2.0.

For the coordisation of experimental results with o
theory,. thaos dniticl rafdius-of skin cdurveture is an iapor- T e
tant porbheter.  This curvature has beer.conputed at the -
parnel ceater, for the medified 4400 gseriles. airfoill as. de~— 7
scribed-iatn, previous seetion,- the Tesults being plotted
ir figure 7, togotbor with section arems For-wuse, in torque
ccmputations. - ST T T '

large~part of . the unierlying thecory has bYeen devel- . . . __
né is outlined in the appesandix.. : — - =

o F-

oped

Obse:VStion5uwithout-Jatér ’ ' L T

The nbst conspicnous. 1ﬂeq_gllt1es 1n the skin, after ) .
conpletion ¢f the t2st phnel dut before it was filled with
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water, were tension wrinkles in the -bottom radiating fron
the tip erd of the bean flange. These-wrinkles were
spread out but not elininated by . insthllng two squlenen—
tory tension straps fronm the bean arm to the panel tip.
The sonc coadition was accentuated in the case of the
water—~lcaded wing at low internal pressure, as shown in
figure 9. — m e =

4 hollow, loose spot above the leading edge in the
root skin panel and a slight one in the center panel were
ovidently due to the attachmert of the skin to a straight
leadiag-edge stiffener and the subsequesnt deflection into_“

a curve during attachment to the ribs.

Snall wrinkles in the top skin at the root srd of
the beam flange coincided with the point at which the o
section thickness had been increased to carry the skin over
base plates in the nmounting structure. :

Other slight local puckers were visible along sean
lines, particularly at rvib 2 near the wing bean and fthe
ralling-edge spar. The secans in general were sonewhat

wavy, apparently hecause of doposits of the cuulklna con-

pound between the screws. .

dAs an experinent to test the sound-deadening quali-
ties of an asphaltum preparation. advocated by its manu~

facturers, some of this compound weas sprayed on the inside

of tho bottom on the middle ard tip panels. In comparison
with the untrecated root panel, the effect wos clearly ap-~
precicble, but it was believed that the differencé'was not.
worth the average increase in weight of 0.1 pound per Square
foot that would be involved. - It appeors possible,'however,
that a nore cffective distribution of the naterial night

be found.

Ls showa in figure 6, the Leanm -and torgue strain
neasurcnents were taken at the ends of a transverse rod
nounted across the tip a4t 70:5 inches fron the root, with
its front ond rear ends 46 and 54 inckes, respectively, =
from the Dbean web. The rod, 100 inoches long, gave a read-
ing of 0.0l radian twist for a l-inch dAifference in heizht
at the ends. The elastic or shear axis was established
at the point at .which there'was no vertical deflection for
& change of torque alone. “umuricqlly .the bean deflec-
tion probably includes sone deflectlon 01 the rcot. bulk-
head ond nounting fixture. T
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Preliminary tests with no wnoter showed that with the
residual torque due to the panel and equipment welght, as
listed in table I, the tip had a positive twist of 0.0102

radian. Increas1ng the bean moment (at the pconel center)
by 15,900 inch-pounds deflected the tip at the wad 0,37
inch.

A superinposcd couple of —-1000. ingh-pounds decrezsed
the twist Dy 0.0031 radian around an clastic center slight-
ly behind the web,

Hydrostaotic Test Procedure

Unless otherwise statod, test date roefar to the panel
center (volumc conter of center skin panel), The load-
factor n  1s the btending moment at—this . point divided by
the static bending monont. :

For oach condition listed in tadle iII a and H
werc chosen to give a pressure digtribution over the foy~
of the wiag (om the chord scetion) as near as possible
to the average differcnce bDetween the prescribel interanal
pressure and ‘the outsife nerodynanic pressurc. The anble
@ 1s mecasurcd in radians between the root basic chorl
and o horizontal planc, and H 1s the waterhead in inches
above.the wing botton at 0.86c. = T

For the half-linitloald of condition III of the Cad
the agreenent botween the acroiynnmin and hydrostatic
pressurcs ‘is alaost exact over tne entire top of the winb
section, os ‘shown by the defted curve ot the top of fig=
ure 8., The conmparisons of the two curves for the full
linit of conditions IILI and VII are shawn -in $he samo fig-
urec. : :

The marmal- procedure was to apply tho, full requlred
extra bean lond, at the plane of .tue bean wéb and then to
shift the lcad in 50-pound increrents (eqa*volent to 1000
inch-pounds) out-ta the end of the 20-inch torgue arz:
(fiz., 6) to a total at least eguel to the required torgue
load. ' '

is the twist was & substantlallf linear function cf-
torgue .in all cases, the results. ia to able IV give the
total twist (column 9) only for the one torque correspond-
ing to the assigned condision of loading, with the rute
of change .in column 10. '
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Column 11 gives the approxinate effecctive internal
pressure in flight, as a proportion of the mazxinun dynamlc
pressure, and counting atnospheric pressure as zero.

Figure 10 shows the method used to locate the elastic
center, which was approximately 4 inches behind the web
for all cornditions. It could not be determined more
closely because of the small angles of twist and the dif-
ficulty of measurinp deflcctiOHS to within 1/32 of an
iack. . . _

Resulsts - c N

The only pernmanent set observe& in 1nd1v1dual parts
up. to linit loading was due to the bow in the forward ridb
flanges under conditioas of high pressure, which will be
referred to later. ' S

Under static load conditions (n = 1) there werc no
epnreciable wrinkles in the top skin at ary internal pres-
sure from ataospheric 1o maxipunm dynaﬁlc pressure. The
spanwise wriakles in the bottom, however, were smoothéd
out only at pressures approaching mexinum dynanic pressure
(24.4 pounds per sgquare foot)}. Bulging of the top skin
was.. very noticeable under large bending noments combined
with a large head of water, This bulging caused short
wrinkles along the rib seams directed towaerd the center
of each individuel skin panel. (See figs. 11 and 12,)
#ith a center bending monent of 28,600 inch-pounds (at
half the limit-loal factor of condition III), the %top
bulge was about 1/16 inch, this déflectiorn being nearly
constant over nost-of the skin width between ribs (fig.
13), With the-diagonals in place, these wrinklecs along _
the ribs tended %o slant in the direction of thé dIagonals,
even against the sffect of substaztial applied torgue,
thus indiceting a haraful effect of the diagonalks.

With the diagonals cut, the slant .of the ribd wriakles
was reversed for moderate torque. The difference in
twist with and without dicgonals was so small that it
could not be measured accurately. The wrinkles werce def-
initely reduced at the 1.6 ‘load factor and were Just per-
ceptible at about 1.3. Wrinkles ‘were not visible conm-—
pletely across the top ccnter panel until a torque of
4,000 inch-pounds was applied. This torgue was 230 per-—
cent greater than required for the half-Iinis load of
conditiorn III. With 4,700 inch-pounds the wrinkles werec
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not much nmore prounounced, Thery occurred sooner in the
root panel and later in the tip panel. 4 Lhysteresls ef-
fect cawvsed the wrinkles to ldisappesr at about 500 inch-
pounds lowver torgue than that at which they formed (half-
limit beam load of condition III at atmospheric pressure).

A distinet outwvard bow was noticed in the bottom rid
flanges Just forward of the besm when the head of water
was larse. This bow was caused by an abnormelly high out-
waré pressure. In sctual flizht, the bottom skin pressu-e
(outward} is slightly negative for zero irterncl pressurc.
For tihe half-1imit load of condition III the pressure at
this point was -1.17 pounds per square foot, as falrly well
represented oy the water. For hizher 2ocd factors, the
botsvonm skin pressure would actually be a greater negative
value. In order to apnroximate thae average vop skin preg-
suree at thas higher load factors, however, the bottom pres-
sure was hecessarily lacreased to0 & fictitiously high wvalve.

o
dad,

IV, th

ter the commnletion of the tests recorded by table
e paxzl ves dreined aund & caeck was made of the top
skin tension by mounting the nansl upright and observing
the bendinz anoment necassary to male the skin panel Jjuss
slack. This bending moment was approximately £2,700 ianch-
pourdsg at the cenfter, corresponding. to n = 1.34 end a _
flaenge stress of 14,400 pounds per sguare iach, a 33-per—
cent redwv ction from tae bending moment used in apnlying
the skin., This redvction is thought to be due ma*nly to
creen at the screw holes in beariang

-~ ©inal test-to destruction was made of the beam
structure under condition I (fig. 14}. Although tests of
the internal structure were a0t included -ian the present

project, 1t is of interest to note that buckling of the
compre551on flanze DTOuuCe4 no faliure or lealrage in the
skin. :

DISCUSSION OF TEST KETHOD

As might be eZXpected from the first use of a new
method, several improvements are indicated for future use
of hydrostatic wing testing: -

1, In order to avoid local sézm .irregularities, 1it-
tle if any caul¥ing paste should be put within
the sear lap. Tipal watertightness shouwld be
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obtained; in preference, by use of a liquid
caulking compound applied. from the outside.
This nmethod .was tried locaIIy with conplete
success. - _ -

Because of the sﬁall deflections to be measured,

deflection gages capable of nagnifying the
readinzs about ten times should be used in
preference to direct measurenents., Strain
zgages for. direct neasurement of the skin
strain proved to be neither feasible nor
worth while.

Deternination of surface waviness to o nagnitude

As

as low as 0.001 inch in 1 inch will apparantilily
be an. inportant consideration in futbture tests
for correlation with air-flow experinents on
the locection, of $he transition point from loni-
nar to turbulent flow. & suggested nethod of
taking such measurements of the surface is by

the use of a Tuckerman strain gage set at right

angles to its usueal position, to neasure the
vertical rise or depression between two other

contact points.. All comntacts for this purpose-“_ B

nust be very light.

previously indicated, the use of water in the
actual wing section is restricted by its den~-
sity to relatively low wing loadings, speeds,
and load factors. It appears possible, how-
ever, to extend greatly the practical applica—

tion of the nethod by the use of heavier liquids.

One suggestion ig that with fine netallic par-

ticles or other particles in colloIdal suspen-

sion (e.g., red lead paint) it may be possible

to get a practical liguid with a specific grav-
ity up to 2% least 3. - Data on various miscible
ninerals possible for use in preparing liguids

of high spoecific gravity aro given in reference
6, page-109.

5. Especially in conjuncition with the choice of lig-

uids varying in specific gravity, it becones
desirable 40 npply the nethod to a conplele
half-wing, which will avoid the necossity for
such substantial added loads and willl show the
requirenments with rospect 1o the tip structurec.
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The method of tcst is anplicadble %0 any type ¢f wing
construction, with eithor netal, wood, or fabric ccver,
In the case of fabric, for cxanple, it furnishes a neans
for the quantitative study of fabric strenzth and tight-
negsg, ridb spacing and structural arrangenent, pressure
effects, ctce, that have hitherto beecn decidecdly locking
in such design. ' '

As tho tests indicated, the gmestion of how nuch the
internal pressure should be dropped below nazimunm dynanic
proessurc nust s+ill be settled. The single stiffoper .
used in the test panel proved amxpla.for stractural pur-—
posges cven at pressurszs 4own to zero. 4t cecrtain loca-
tions of the stngnotion point, however, the application of
cutside pressure groeater thar tre inside cauced a slight
elastic cumping of the skin betwoon ribs., The aerodynanic .
effect of such defosrmation could he deteraired as pari of
o nore general study of ailr flow coniitions, preferably
on a full-~scale structural panel. )

GEHERAL COUCLUSICIS

The results indicate the general feasibility of a
simplified ell-metal construction in which very thin skin
(in %this case 0.G05 inch) carries tension only, without—
stiffeners or diagonals and with a rib spacing of 2 feet.
Static loads including toroue were carried without wvisi-
bPle wrinkling; wrinxling at higher load factfors was almost
entirely confined to the ﬂeignborhood of the edge attach-
ments aloag the chord lines. .

Initial stressing, particularly of the top skin in
a gspanwise direction, was beneficial and could undoubtedly
be increased Vo advantage, especlally toward the root.
The spaazwise tensioning of the lower skin should, if any-
thing, be reduced in favor of a 1ittle caordwise tensioa~
ing in the flat portion. In order to allow for skin loosen=—.
ing when applying the skian and under flight conditions,
the initial strain in the structurs should be made at loast
B0 perceant greater -than the final strain differoence that
is desired. A stiff wing tip is shown to be of advantage.

Chordwiso curvatura, while helping to carry the load,
encouraged cdge wrinkles; hence, a better balance of struc—
tural proportions would reqguire less curvature in the for-
ward part of the wing cxcept near the-extreme leading cdge
where local stiffening can bz retalined.

b
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Becausc of the large external suction over the top,
internal pressure above atmospheric was found to be of
but slight benefit on the top skin but tended to smooth
out spanwise wrinkles in the bBottom skin, Pressure ag
high as maxinum dynamic pressure wos definitely harmful
in every casc except for flap condition VII at a nmaxinmum
speed of 100 miles per hour., The skin was not sgdsitive
to small variations of pressure. Torque stiffness was N
greatest at the higher pressures. S el LTI/

for a wing approximating the ‘design characteristics
here shown, the best position of tkhe air vents would ap- -
neer to be in the bottom Jjust forwerd of the flanms. This ’
position would incduce an internal pressure of 0.2q to
0.3¢ for normal operating co-ditions, the pressure would
increase to 0.7q with flaps down 300, s

The wing, as designed for a wing lecading of 10.7
pounds per square foot, was about 25 percent lighter thon
the conveantlonal all- metal constryction f£or the sane load-
ing (rcference 1) ‘and it saved 75 poreemt of the Fasten~
ings (spot welds or rivets) thet wouwld be used in an ~—~————
equivalent conventional construction. In stiffness, at B
zero pressure, the wing is 40 percént above the present
CAA requirenents (referencs 5); with the suggested pres-—
sure control, it is nearly 80 percenit above these require-
nentse. T s

If the saving in fastexings, laps, and incidential
irregularitiocos is applied to current riveted construction,
it is estinated from reference 7 that the parasite wirng
dreg will be reduced about 12 percent for countersunk riv-
ets and Jjoggled laps cr 25 percent for brazler~he'H rivets
and plzin lapse. . . _ o S

On the other hand, from yvroference 8, a continuous
wave 3 inches wide and 0.02 inch high at 10.5c on the up-
per gurfoce will increasc the drag 6 percéent. Althoiugh — —
the waviness under normal flizht conditions was apparent-
1y of a2 small order of nagnitude, the coaditlon and its
effects should be accuratcly determined dy methods such -
as have been suggested. - . I

Stout Skycraft Corporation, .
Dearborn, Mich., October 4, 1940. R -
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APPENDIX

PRESSURE AND STRAIN O LARGE SKIN PANEL
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Gensral Balance of Forces

.2y given skin ponel is in egguilidbriun under the
action of pressurce Farces distridbuted over its surface
anl of edge reactions distributed around its periphery.
Por prescat purposss it 1s assuned tkhet the ﬁistribution
of pressurc (or, more prs sperly, pressure difference be-
tween inside and cutside of the skin) and the initial
ralaosionshiip betwoeen the various parts of the structure
are lkuown, o

As a sinple case in o conplete surface of revolu~-
tion, such as o netal nirship hull (reforenca 2), tke
strcss analysis is relatively determinate in the sonse
that tae shode remnins practically constant; herze, the
skin stresscs resulting from the pressure and from inte-
grated shooar ord bending moment are 4irect recctions
evaon if they are sormevhat iavolved., In an airplane wiag,
however, the strain takes place In such g way as to pro-
duce a relatively large éefleoctlon whiel, in tura, is an
important factor in the strass tant-producesz the strain.
Thig results in essentinl inldeterminney bocause: first,
therc ore two principal directions of skin stress; sacc-
ondly, initial strcssos or theose due to ths wing bending
moneat cannot be superinposcd on the skin in zny édirsct
way; aad, fizally, bucklias in the dircction of nininun
stress ngain chwdges the test conditiors to0 a differoat
basis. '

General analysis iamvolves cconsideration of Ecmpres-—

& nding stresses in tlae gkin ns in referepcoc 10.
1dix of this rofersace, however, 1t wos skhewn
that skin angls of the propcrt*ons here used can, with-
cut subsin 1L111 error, be censidered as teazsion diapkrhbns
with negligitle flexurel rigidity, except at the edges
along the supvorts, where nigh local benlding stresses noay
develop in certaln cascs. Eence, o sinplified aralysis

is wsed in this pap¢r,_s*if£n°ss in bending being tonta-
tively neslectcd and the direct coapressive dtrengta be—
ing coasidered zero elcht for the conventionnl effective .
wiltks adjaceat to the supporte.

"
i

j
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Attention is at first confined to the case of uni-
forn prossure oa a single—~curved skin, where all curva-
ture is in the direction of the panel width and the
straizht elenents are infinitely long. Based on an cxact
solution for this casec, practical engineering formulas
are developed for the skin stroess and deflection that are
due tc the combination of tonsion and pressure over a =
given ponsl,

Strain ian the supporting structure is ucnuatlvcly
assuncd at the mexinun allowable velue for the nost crIf—
ical case and readjusted by trial and error for other
COseSae

The effect of imitial curvature, stress, and strain
in a direction at rigbt anzles to the ponel width is ap-

proxinated by considering it as equivalent to a change
in t:ke efficctive pressurc. The corrected wvalue for the i
panel deflection is then nade the basis for final stresses

due to 2ll forces except shear,

- Sheer is hardled by the usual method of principal
stresses as long o8 the pininunm stress does not becone
negotive and reach o dbuckling value, o o

The non-unifornity of pressurc and curvature is a
serious probler only Ia cases where the variation is large
along 2an inportant line of skin stress. For preseat pur~
poscs 1% 1s assumed that o mean effective value caa be
satisfuctorllv estinated.

Synbols and Initial Assunptions

g SRRERE __ g
TN
<—-—x—7!;'( N ’ 5~
S J A ~
= ] ~
= l {7

Bl

' . *~
T 7N L
1< ) @y o2 % T
dx /¢, <R o '

Flge angles fixed as indicated % Radius (initial)

Unloaded contour elastically bent

————— Loaded by uniform R e
upward pressure p 1
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The sketch skows a scecticn across the skin panel in
the geancral ‘case for singlo-curved deflection of initially
flat skin. All data relate to avl-inch strip. The na-
torial is adsuned elastlc, honégenecus, isouropic, and of
uniforn thickress. The X—atis passes tbrough the two
polnts cf support, one of which- ig taker 4% the origln.
Tensilc stress and nponents Uroducinb concavity npynrd
are con51dcroP positive,

Mo syhbols used in the analysis are:

P pressure vn concave side fulnus pressure ch. con="
vex side, asstned unifora ond JOrnal to skixn
surface, ucunds Der square 1n¢a

D nmoxinun outward pressure at top of wing -

P*' net pressure catrrisd by one comnpozent of skin
' tension ” .- ‘ ’ B : '

h skin thickness, assuned Bnhll'dompared to L,
g inches R T : -

[

nodulus of.cladticity of. material

i Poisson'’s ratic, assuned 0.3 irn tho report
. ' .. . BI . ' ' :
D - flextrel rizidity ( 2‘\ wkich for a Y-inch
) strin of uniforn uns$iffened gkin equals
/ = . _ _ SR
E b7 ), . inch-pounds : '
\10 g ' : _
I skin w1d*h or r1b spacinﬂ in syanwise dircction,
inches- T
T tenhsion in sane &irection,-pounds per dianch
R ragius of curvaturc at nany given noint, inches

21 ,ianitiel radius of gkin, the certor QI curvature
. being defined By . tne intersecticn of the two
" ‘normalg erccted at the tﬂO poinus of skin

supoort. om0 u!
1y, t, » . .the réspertivgé itens qgrresgondin* to L, T, R
' in.a diroction, por allol-%g. the win# cherd

..r;ﬁ.u.. L

al
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e;, aund e, the respective unit initial skin strain in
the same two directions due to all causes
except extension of the skin itself under
normal pressure

e total unit strain in any one direction

i bending moment in a l-inch strip of skin at
any point {x,¥), inch-pounds per ianch

1y bending moment at edge, inch-pounds per inch
8 naximum ordinate or final total deflection,
inches (assumed small compared %to L)
Relction between Deflactioﬁ and Stress

for the previously mentioned condition of negligible
flexural rigidity in tvo principal dlrections but no shear,

the elementary balance of forces gives.

id (1)

Agsume that the 1nitlel radius in the span direction

R, = o aad that r (in the chord dirsction) is practi-
cally constant and egual to %tae iniulEI section radius v, ;
the second term of equation (1) is most conveniently
handled as & reduction of effettive pressure, Thus the

net pressure is written as: .

. o m :
pt.=p-.-t =2 .88 (2)
- r, & L= ;

For a gmall valpé of  8/L (parabolic arec)

Ly



20 - ¥ACA Technical Fote No. 786

Assune that .p! cen be deternined; a second equation is
then rezuired to salve for both - T and 8. This equa-
tion 1s obtained from the strain relations.

The final skin strain in the L direction consists
of threc terns, the first one: due to skin.bulge and the
other two due to the initial or the residual strain.
T"hus, if the Poisson effect is-taken into account, the
total unit strain in $he skin, is:

- 2 ‘ —
e = Eii_;_gﬂl = Kg E* + e + pey (4)
E h . L
where the geometric form constant Ke = 8/3 for the as~ .

suned parabolic arc; ej; and eq are each the algebraic

sun of the total unit strains in the supporting structure,
under the conditions of loading, plus the residuval dif-
ference in strain between the unbulged skin and the sup-
porting structure.

If p = 0.3 and K, = 2,67 are substituted in equé~

tion (4) . .

s = o.oan 908 o o5, (5)
Eh

which, with equation (3), permits the desired solution of—
8 and T if t can be determined, In the usual case in
which t is not directly known, it can be comsidered %o
te nade up of turece terﬁs.' : T .

l. Increment induced by the ‘deflectiorn &. If con-
Plete local shear rigidity is assumed,™ adding
to r; 1s equivalent to extending 1 in the
sane proportion, As this extornsion applies
only to the center elehent—of the panel, a fac~
tor is applied based on the shape of the deflec-
tion curve for the mean effective tension over
the panel as a whole., The slight change in R _
is here & second-order effect and can be ne-
glccted for a large value of 1/IL,

*The assunod shear rigidity mears that sections cut by
planes normal to the supporting edges before deflection
rernain in the same plane after deflection, The spacing
of these planes may-changed, howevor, with strain in the
supporting structure.
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2. Increment induced by Poisson's ratio (from tension

T in the L "direction).

3., Portion due to relative elongation of the support-
ing frame in the 1 direction.and/or the ini-
tial stretching of the skin (or thermal shrink-
age) sinilar to that which has already been de-—

fined. :
The sun of the three itens gives, for p = 0.3,
K.End S
t = —£-"_ 4+ 0.3T + Ehe, (6)
T, ‘

where t 1s the averange effdctive stress and Ky is a
factor deperding on the shape of the deflection_curve.

. For a circular are Xi = 2/3 and for a straightline X; = 1.
A conbination of equations (6) and (3) for K, = 2/3 gives:

1.57 1P - 0.3T7 -~ Zh
g - 2:5nl (pm 2 o) ()
12r, 2T + BhL?

The method of solution is to plot & against varying
T from both equations (5) and (7). The point of intersec-—
tion of the two curves 1s then the correct value of 8 ond
T, y

Edge Monmert in the Skin
Wherever the bending stress in the skin is appreciable,
equation (1) nust include terms due to the skin stiffness.
By consideriag this stiffress effective in only the L
direction, an adaptation of equation (2) expressed in 4if~
ferential form gives, by well-known principles, for snall
deflectionss . ; : C

a=m o a= '
+Z=p2% o2 7 ) (8)

p' =

dx® R ax® . ax®

which, for an edge moment of Mg, has the following gen-
ernl solwkion: .

: T T ot tp M
¥y = Cysinh %//:-+ C.cosh x /=+ P X(1-x) - P - =& 9
1 D g-= M/ﬁ; 27 ( ) ma m ( )_
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Tho integration constants C, and -0z are determined
in this case b¥F pPutting the first derlvatIVB equal to zero
at x =0 aad x = L, corresponding to initially flat
spanwisc elenents. If the values thus obtained are sub-
stituted in eguation (9), it can be. solved for the edge
nomeat, x = 0 and y = 0 . .

. p1r® , 20% en 1r?  4p. (10)
'i.c = -————_[‘_C bad >
4 Npp¥ oD% - 1@
or for small values of 4D/TL?
L % . 'y BL3 ’ . . .
g = B2 o2 - (11)
2T% 3.6 T

For ‘such conditions it can readily be. shown by edquation -

(¢) %hat the skin stiffness is of negligible effect on the
deflection. Hence, with p! expressed in teras of egqua-
tion {3), cquation (11) becorcs_

1.216 e — e
My = —~E—~

6]
a3
=

(12)

§ and T being .both kndwn from equations (5) and (8).

In using equation (12), it nust be Ltaken intv account
that fully elastic conditions sre assumeld; wherocas, actu—
ally, plostic deformation will take place when the bending
stress is high, .thus agltering. the and conditlon in a dircc—
tion %o relieve the moment itself.

Shear Stress and Buckling -© 7

Iz reference 3 the attenpt was made to cevaluate the
critical shecor st*ess nt which skin bueckling takes place.
Torque tests on af initially smooth panel showed, however,
thot it was practically inpossiblolto identify the buckling

point with any accuracy due apparcntly to the fol‘owing
causcs?

The extrene edge tended to dDuckle first, énd these
wrinkles lengtlened very gradually across the skln_
panel., - . S . -

The wrinkling i1tself tended to take up slack in the

naterial and to prevent any suddezx increase of buci-

ling.

i
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As a result, the skin took far more than either the
" required or the theoretical critical shear without seri-
ous wrinkling as long as the skin was unbuckled under the
given bean and pressure loads. Hence, the most inportant
theoretical critcecrions seem.to be the conditions that
cause edge buckling along the rib attachments and those
that czuse the skin to slack in a spanwise directiomn. In
order to avoid the buckling of the edge

0.3T + Eheqy > O (13)

and %o avoi& spanwise slack

T> 0 : (14)

If T =0 in equations (5) and (7) and if terms of
a low order of nagnitude are onitted, equation (14) can
alternatively be expressed by the criterion: '

.

ey, + O.3e¢ > 0 (15)

which is independent of prcessure except as reflected in
the relatively small second tern.

WVith the assumed inability of the skin to taxe com=~
pression, equation (15) makes T = 0; then from equation
(2), % = p/ry and a definite buckling occurs whether or
not there 1s shear in the skin.

The unit initial skirn strain, ey is due to the
stress in the rib flange, which for preliminary design
purposes can be assumed &t & given safe value and the rid
can be designed to correspond. The actual force in the
rib flange can be computed. by the usual method, subject
to an increment -—-tL due to the skin tension.

If Afpy is the beam flange stress (compression posi-
tive)™ under which the skin is applied, fp. 1s the final
beam flange stress (texzsion positive) under static load,
and n is the load factor,

Afp + nfyp

OL—

- (16)
iH .

*Considered as positive from a standpoint of skin teasion.



24 HACA Techunical ¥Note HNo. 7ES

1]

If e.-= 0, Afy + afy >0 (17)
17 .
from equation (15), for preliminary analysis.

In other words, to avoild spanwise buckling of a sur-
face with substantial convex curvature in the chord di-
rection, it will usually be sufficient to apply the other-
wigse unstressed skin while the bean flange 1s stressed to
corresvond to the assigned loading, provided that the skin
can be applied Jjust taut axd there is no crcep in the ma-
terial,

Exanple from Wing Panel as Tested, for Load Factor n = 1.6

In an onalysis 0f the center skin panel on top of the
wing, under weter load, E (effective) can be taken at
26,000,000 pouands per squarz inch, and from data already

given:

Aid spacing, L = 23.5 inchesn
Skin thicknessy h = 0.005 inch
Surface radius, r = 40 inches -

3 = 10,800 pounds per square inch
1 {static)

Beam stress, f

Water density, 0.0361 pound per cubic 4inch

As already cxplained, the skin becane slqék at about-
n = 1.541

This reduction frorn the assuned load factor of l.6 _
made Afy + nfbl = 10,800 (1.34 ~ 1.60) in egumtion (17);

then T = 0 and t = pr = 40p. From the foraula given
under Test Conditions, for a waterhecd H = 0 and o =
0.026 (corresponding to atmospheric internal pressuro),
the pressure at the top of the wing (at 0.30c) is: p, =
0.200 + 0,025 = 0.225 pound per sguare izch; =nd % =

40p, = 9.0 pounds per inch. Tke increment of rib-flansge .

forco due to t is Lt = 211 pounds, to which must be
adéed a net rib-flange force APp, dus to pressurc and

torque reactions, to get the total force Pg.

[
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Beam. - -Shear Rear: T
veb /' cedter R :
spar
0.30¢ ] “ .0.33c 0.86c 1
i=3.07 in.

g _
50.6 in.. lo <—> ,Water level [

g

(\\ \"(—\:'-‘M :gg?//l\//{/ N
NE - b ramr
' = T o~ e __//,' /7(@"—143 sq 1n_4////// /
A.f_'?l 8 sqQ ln. NV ¥ /:(/ { J
\\ AIANENENE NN \\\\//! 7, // S IAR -673 in.
\\\\\\PH ;,r\// // : /
\\ N \.\\\\//
LPp Ve i - =
W .A.=.A.,+_A,“=194_8 8q in. .

Skey 11 .33 _eJ.
<t=5.7 in:jy_—_ x"'=10.3 in.>

Fror the sketch, the ‘net rib-flange force APy =

Pp - Lt Just to the rear of 0.30c, 1is detcrmined by
putting i%s monent in equilibriun, about 0, with the mo- =
ment due to the water weight: P X" = 0.0361 L A'x", that

due to the waterhead: . . . -

Z z 3
. o
Pgy = 0.0361'11:( -+ = ) -

2 3

and the toraue 1ncrencnt carried by tho wing ,coveriag (taken
as a couple) : :

AMp = ~0.0B61LATAN/A

where H, is.the waterhead (inchkes) at point Oj 4 and

AX are, respectlvely, the area and the first noment of
area about the shear ceaber; o6f the airfoil cross section;

A' and AI!X! are the area and the first noment of area,
about .0 of thé nose portion of the airfoil back to OF
A" gnd -"A"XY" _are thke arca and the first monent of aroca

about O of the portion of the rib from O back to the
rear spar; and z; 1s the depth of section at 0. These
areas aad arms arce evaluated from figure 7.

The nonent balance ubout 0 +thus calculated may thon

be expressed as
2..3'

-—Hozl zZ,° . . .'_
APle = 0,0361L 2 . + ATM 4+ ANy

3
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fron whick the net flange force APp = 100 pounds compres-—
sion; to this forcs nust be added an increment of 211
pounds due to skin tension, which makes a total rib flange
force Py = 311 pounds compr0531on. The- section arca of

rib flange Ap = 0.025 square inch. Then the rib stress
is fp =T—PRfAR = 12,400 pounds per. square inch, and e, =

fp/E = =0.00048, which is well below the valie of eq =0

already assuned in equation (15), thercby confirming the
tentative value of T = 0 and the observed small wrinkles
under the scone conditions. ) '

For a skin panel wrinkled into a gecneral tension ficld,
a nodified type of aralysis is reqguired. -

Discusesion of Exanple

If these values of % and e, are used, and Xy = 2/3,

in equation (6), & = 0.039 inch. This valuc compares with
o neasured deflectieon of 0.062 inch Under ecguivalent-condi-
tions, It is believed that the small absoluté difference

is mainly due to verticalicantilever deflection, under load,
of the front and rear portions of ths ribs and to angular-
ity of the marginal wrinkles. More comnplete measurements’
would be required to check this suppositlon.

The thecry, without further'borrecfidn, is aprarently
adequato to predict the conditlons under whlcn wrinkling
will occur. : .

If it is assumed that 211 ftorque shear is carried in
the skin and the trafling edege.spir, the standard foraulas
for torque and twist give a torque shear in the skin of
£10 vpounds per square inch for a -torque “of 1000 inch-pounds.
4 conputation: for . the corresponding twist gives 0,0015
radion in .the panel length ,of 70,5 *nchcs,-whicb conmpares

well with the obserVCd values.

This agrecnent show5uthat the naxinuw twist in the
water—loaded condition is-tti1ll not apprecicbley greater
than in the uawrirkled skin alone.” Without water, the
twist iacrenent for the same torgune was about—double that
of the mentioneld value, which fits well the assunption that
in such o casc the skin shear is carried by tension in oaec
diagonal only. Thus, uader aay practical flight load con-
dition, the torque rigidity is substantially greater then
would be apparent from con wentlonal laboratory tcsts in
whick the skin would be free to buckle,

[
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TABLE I.- FINAL PANEL WEIGHTS

Weight beyond Span arm Chord arm
Item Weight { panel center from center| Moment {from 0.3c Torque
(1b) (in.) (in.-1b){ (in.) (in.~1b)
Root bullkhead 79
Wing panel 22 14 17 240 5.6 51
Tip bulkkhead and braces 25 25 38 850 4,1 103
Load beam 75 75 76 5,700 -1.2 -90
Torque arm and clamps 17 17 105 1,780 8.0 136
Tater 5017 2502 18.4 4,230 4.1 944
Total 729 361 12,900 1144
SSubject to a smoll correction for skin bulge,
TABLE II.- TING DIMENSIONS
Distance| Nominall| Thiclmess Effective | Area of | Beam moment| Torque moment
from root|chord ¢| ratio besm depth| overhang of overhang| of oyerhang
(in.) | (in.) [(percent c) (in.) (sq £t) { area area
(in.-sq £t)| (in.-sq ft)

Root of test panel 0 49.96 15,77 7.11 44.85 3180 1700

Center? of test panel 34,85 44.00 15.3b 6.00 32.35 1850 1110

Tip of test panecl 70.50; 37.89 14.72 4,83 21.15 890 650

Tip of wing 163.00] 22.08 11.60 1.81 0 0 0

Yaken at conter of water volume of center skin panel where the maximm depth is 6.75 in.,
equivalent to 35 1b /og ft of water pressure.

bOVerhang area multiplied by its nominal ¥.A.C.
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TABIE III.- REQUIRED TEST LOADS FOR PROPER SENDING MOMENT AND TORQUE

Extra|Torque | Dynamic (Angle of | Load [To be observed | Head E (in.)
Condition beam |load pressure| chord factor “for: for atmospherie
load?| - q pressure
(1b) {(ib) [(1b/eq £%) [(radian)
Static III 39 a1 24.4 0 1.00 b ~1.3
' Skin wrinktes
Half-limit III| 136 59 39.2 .026 1.60 0
Limit III 385 | 144 78.4 Q78 3.20 Pormanent set 3.0
Ultimate ITI 854 | 320 117.3 .130 4.80 Structural 6.0
failure
Limit VII 324 | 100 25.6 .078 2.00 Wrinkles and ~1.3

permancnt set

4% point 89 in. out from panel tin (skin bulge and welght of beam arm tentatively
neglected) 104.65 from panel center, at 0.3c except amount in next column.

b011 20-in. arm back of 0.3c; this welght included in first-colwmm figures.
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TABIE IV.~ TEST EBSULTS

1 3 4 5 6 ? 2 8 s | 10 11
Approximate CAA|Basic|Maxirmun Bending |Torgue |Normal|Bending [Deflec~ |Twlst of|Chance in |Internnl
or other load |root jpressure |noment®|about |shear®|moment |tion of |tip rel-|twist angle| p/q
condition anglejonto skin | (1000 [C.3c2 (1b) {load tip rel-|ative to| (redian per|(average

(ra- {(1b/sq £t)| in.-1b) (2000 factor |stive to] root |1000 in.-1bjover top)

dien) in.-1b) root |(radian)|chenge in '

(in.) torque)
Panel empty 0.026 —_— B.7 0.20 131 0.51 0 0.0102 0.0031 —_—
Panel empty .0286 - 24.3 .20 280 1.43 4 0015 - ——
Ponel cmpty .130 - 8.7 .20 131 .51 Q 0114 e -
Helf-1imit III | .026] 32.2 28.6 2,14 510 1.68 7 .0084 .0013 0
Half-limit ITI 026 71.2 28.8 2.17 518 1.69 7 0087 .0011 1.0
Half-limit ITI 0781 78.5 30.0 2.17 530 1.76 1.1 .0086 .0011 1.0
Half-limlt IIIP| .0R6| 32.2 27.8 2.14 503 1.64 1.5 0074 — 0
Limit IIT .078] BB.1 56.2 4,14 793 3.30 1.7 0077 .0015 0
Liml$ IIT .078] 133.1 56.5 4,387 808 3.32 1.7 .0074 0010 1.0
Ultimated III .130( 78.0 83.6 5.57 | 1039 4,91 3.0 0082 0015 0
Ultimate IIX 130 140.4 83.8 5.680 | 1048 4.93 2.7 .0020 - B
UltimateP ITI- | .130| 140.4 8.8 5.60 | 1048 | 4.93 | 3.0 .0080 — .5
Ultimate IIT 30| 78.0 B3.6 5.57 | 1039 4.91 2.6 0097 00186 0
Limit VII .078] 32.8 35.1 3.14 693 2.07 1.4 .0067 .0018 0"
Limit VII .078| &58.8 35.2 2.18 597 2.07 1.3 0082 .0010 1.0
TAmit yIIP .078| 58.8 35.0 | ®.16| 595 | 2.06 | 1.4 0074 — 1.0
a?Ber.\.dfl.ng moment, torque, and shear refer to panel center.
bﬂo dlagonals between ridg; all other tests with dlagonals.

i Chord shear was calculated for all test conditione, but was critical for none. For ultimate

Loading of condition ITI, the meximum value was 183 1b.

’ "7ip¥ refers to tip of test panel.
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NACA Technical Note No. 788 Figs.1,3.

Figure 1.—
Conventional wood and

F/'gdre 2. —
Typical all-metal wing
construction.

fabric wing construction.

|



rige.3, 4.

wing Wwith

Figure 3. ——

All-metal
pressure-supported

skin.
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70.5

. "= 24"

of outer wing panel.

Plan

(At panel center, c = basic

Figure 4. —

chord = 4—4—00 inches)
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NACA Technicesl Note Ko. 786 Pigs.5,9,11,12,13,14.

- Fi e 9.~ Bottom surface of
Pigure 5.- View showing the in- eur wing under half-

ternal structure of 1imit load of condition III with
the wing.

gero pressure, showing tension
wrinkles.

Pigure 11l.- Top skin bulge un- Pigure 12.- Top skin bulge under

der 1limit load of limit load of CAA
CAA condition III with zero in- condition III with full dynam-
ternal pressure. ic pressure.

Figure 13.~ Top surface of wing Figure 14.- Top surface of wing

under half-limit after beam failure
load of condition III with gero under a combination of water

internal pressure. and shot loading.



curves for fop surface (inverted) airfoil
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B.k. and torgue at panel center

!
|

\

\ \

S
\

gl @ik i
1 \]_ \ '"Front end of rod
\\

¥Yieb plate
. Shear center

Rear end of red

of rod intersection.
bending moment, 52,300 in.-pounds.

CAA conditlon III.

o , 0,078 radiansy H, 3.0 inches water;

Figure 10, Plot of position of rcd across tip of panel, Bhear ceater taken at average poaitiorn
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